Introduction
µTAS (micro total analysis system) technologies on various chemical and bio-analytical applications are expected to be powerful solution to reduce amount of reactants, cost, time for analysis, footprint of measurement system. To enhance the merits of µTAS approaches, in situ observations of the reactants will be effective. In this work, we propose a novel CMOS sensor which was designed with a target application of in situ monitoring of µTASs such as microchamber or microfluidic systems. As the first sensor device for µTAS, we designed a CMOS photo sensor array chip which can measure optical polarization. A micro-structured metal grid polarizer is configured on light sensing pixels. We successfully demonstrated the polarization measurement function of the fabricated sensor without any off-chip polarizer. Fig. 1 shows the concept of integrating CMOS sensors chip onto µTAS device. The sensor system can be used to obtain detailed information of the target system such as production yield, conductivity, electrochemical profile, etc. It will help us to control the system parameters such as flow speed, temperature, optical excitation, etc. Based on the concept, we designed a CMOS sensor chip with optical polarization sensing function. Table I . Fig. 3 shows (a) Schematic and (b) cross sectional structure of the optical polarization sensor, and (c) layout of the on-chip metal grid layer. The light sensing circuit has a configuration of commonly-used light sensing circuitry called as "active pixel sensor" [1] . The polarization detection with on-chip polarizer is based on an idea proposed by Andreou et al. [2] . The main feature of the present sensor is a monolithically embedded metal grid structure. The metal grids were configured with top wiring layer of CMOS LSI (metal 4 layer, in the present fabrication technology). 
Design of the CMOS Optical Polarization Analyzer

Characteristics of the fabricated sensor
In the light sensing pixel array, three optical sensors (without grid, with a horizontal grid, and with a vertical grid) were designed as one measurement unit. And the sensor chip has four sets of the polarization sensing unit (see Fig. 2 ). The four sets of the optical analysis pixels were used with on-chip color filters such as; red, green, blue, and w/o filters (see inset of Fig. 2 ).
Owing to this multi-sensor configuration, the optical polarization measurement can be performed with high reliability. Fig. 4 shows typical result of the polarization measurement. The fabricated sensor was illuminated with 5 shows rejection ratio of polarization analysis function. The rejection ratio of the on-chip grid polarizer is as small as 1-3, and not as good as off-chip polarizer such as metal grid polarizer or Polaroid film. However, the multi-pixel measurement scheme with orthogonal polarizer enables to separate signals corresponding to polarized and cross-talking light. 
Conclusions
A novel CMOS sensor which can measure optical polarization was proposed and fabricated. Owing to monolithically embedded metal grid structure, the proposed function was successfully demonstrated. Multi-pixel measurement scheme played an essential role for the accurate polarization measurement. The present sensor will be implemented onto microchamber and further characterization will be carried out. 
